account for the known rates at which water and electrolytes are accumulated in the fetus. Best estimates of the membrane parameters (per kilogram fetal weight) are P&, c1 = 0.23 ml l min+ l kg-l, bS = 5.10V6 cm5 l min-l l kg-' l dyne'l, and cNaCI = 0.5. (where PS is the permeability-surface area product, L,S is the filtration coefficient, and u is the Staverman reflection coefficient). The driving forces for water and electrolyte transfer (active transfer and hydrostatic pressure) are not used as regulators.
Rather, electrolyte permeability, which is the major constraint on fetal growth, and which continuously increases during gestation, makes possible the exponential increase in fetal weight during gestation water metabolism; electrolyte metabolism; plasma osmolality; growth; filtration coefficient; reflection coefficient; diffusion permeability IN THE PREGNANT SHEEP, the osmolality of the maternal plasma is normally somewhat higher than the osmolality of the fetal plasma (3, 39) . It has been shown that measurable flows of water occur through the placental barrier under the influence of experimentally created osmotic gradients (3, 15) . These findings mean that, if prenatal water acquisition by the fetus is an osmotic process, the reflection coefficients of the various plasma solutes must be ordered so that the net osmotic pressure is directed from mother to fetus. There may also be a hydrostatic pressure difference. proved, on the basis of thermodynamic considerations, that a minimum of three coefficients are necessary to fully describe the passage of solute and water through a homogeneous membrane.
In this paper, the values of these three coefficients are calculated from the Kedem and Katchalsky equations on the assumption that one must be able to account for the normal rates at which water and electrolytes are accumulated in the fetus during gestation.
The conditions under which the equations are valid are sufficiently general to justify their use as a first approximation to a description of water and solute transfer across the placenta of the sheep. The analysis (25, 26) holds true for electrolyte and mixed solutions. An electrical potential across the membrane is permitted and no constraints are placed on the charge selectivity of the membrane (25). However, no net electric current through the membrane is allowed, but in view of the capacitance that one may ascribe to fetus and placenta, the net transplacental current is infinitesimal. There is the further condition that the system must be isothermal.
The fetus is about 0.5" Celsius warmer than its mother (1, 19) , but the mean temperature difference across the placental barrier is much less than a millidegree Celsius (APPENDIX I) . A polycomponent system of solutes is permitted, the osmotic pressure exerted by the impermeable solutes may be incorporated in the hydrostatic pressure term with very little error (25), and the actual osmotic pressures exerted by other solute species are additive (23). It appears, therefore, that solute and water transfer through the sheep placenta may be approximated according to the equations given by Kedem and Katchalsky. The strength of this approach is that no assumptions are made regarding the nature of the physical processes that determine the permeability properties of the membrane.
It seemed worthwhile, therefore, to attempt such an analysis with the new data available for the placenta of the sheep.
METHODS

Adaptation of Basic Equations
The equations with which Kedem and Katchalsky (24) described solute and water flow were presented in a variety of forms. Most useful for the present purpose are J, = L, @P -&U'AC), cm/min (1)
Symbols are listed in 
The pressure difference, Ap, and the solute concentration difference, AC, are defined positive when the pressure or the concentration in the maternal plasma exceeds the corresponding quantity in the fetal plasma. Since plasma is a polycomponent system, equation 3a must be modified to incorporate the sum of the osmotic pressures exerted by all the solutes, n
applies to each of the n solutes separately; the total solute fl ux is therefore given by the sum of the individual fluxes . % s = SC (P,AC,> W) + a, w -un )C,}, mmol l min+ l kg-l
The passive behavior of the placenta expressed bY equal An electrical potential between fetal lamb and ewe does not imply that there must be an electrical potential across the placental exchange area. It may and probably does arise elsewhere.
The assumption of a transplacental membrane potential in the sheep would require a cascade of additional assumptions of such complexity that it must be rejected as implausible in the absence of compelling evidence. tions 3 b and 4b is determined by L,S and the P,S and gn for each solute. Whereas L,S is a function of the placental membrane and the solvent (water) only, P,S and or, are also functions of the solute under consideration. These coefficients must be determined from the available experimental data.
Membrane Quantity Determined with Osmotic Experiments
In the preceding paper (3) the calculated water flow through the membrane was obtained from the formula tic = QFa(CmFa -CmFV)/C,FV, ml .rnin-l. kg-l (5) where kg-1
6)
The flow of the marker solutes (qm) across the membrane is the difference between outflow of the marker solute in the umbilical vein and inflow in the umbilical artery: The data reported in the preceding paper show that equation 9 may be simplified: CmFV and Cm are not grossly different after the infusion of hypertonic mannito1 or sucrose, typical differences would be t 10%. It will be shown later than mm is of the order of 0.5-0.8. Hence, the denominator is approximately equal to C,"'*gm. Figures 2 and 3 of the preceding paper (3) show that at a total concentration difference across the placenta of 40 mM, the calculated water flow is of the order of 3 ml l min-l l kg-l, and the permeabilities (Pm S) of the marker solutes Na+ and Cl-were found to be of the order of 0.2-0.3 ml l min+ l kg-l. Since CmFV is also much greater than AC,, equation 9 can be simplified to the form ql* = cTc/om, ml l min-l l kg-' The preceding paper provides two experimental measurements for the evaluation of the membrane coefficients L,S, PiS, and ci: one to be used with equation 12b and the other the direct measurement of the diffusional permeability of the inert solutes Na+ and Cl-, (PiS). It is necessary, therefore, to derive a third independent expression to evaluate all three constants empirically. Under conditions of normal fetal growth, the acquisition of certain solutes is independent of the pressure filtration and diffusion process. This may be so because of active transport or because the materials are derived from fetal metabolism (e.g., urea and bicarbonate). The transplacental concentration difference of the "active" solutes, represented by AC,, is relatively constant under normal conditions. All remaining solutes are defined as "inert" solutes. Normal fetal growth requires an influx of these inert solutes also, which is represented by xqi. The molality of the transplacental ultrafiltrate of maternal plasma is defined by the variable p as
Although filtration ma ,y be assumed not to affect the transfer of active solutes, the transfer of these solutes by other processes still gives rise to concentration differences across the placenta that must be taken into account in the description of the filtration of water. Hence equation 3b becomes -RTC (caACa)}, ml l min-l l kg-l where the subscripts a and i identify the active and the inert solutes, whose osmotic forces are additive (23 
The variable sqi can be eliminated by combining equations 15 and 13.
The Na+ and Cl-concentrations constitute 98% of the total concentrations of the inert solutes (Na+, K+, Mg++, and Cl-) in the plasmas of fetal and maternal sheep, and as explained above, there is good reason to believe that the reflection coefficients for the inert solutes Na+ and Cl-are not very different.
Equation 14 can therefore be simplified with little error by substitution of UiACi for
where Ci is the total concentration of inert solutes and gi is a weighted average inert solute reflection coefficient. Similarly, equation 15 can be simplified since PNa+S = Pcl-S = PiS (3). Hence, the system of the two equations 14 and 15 can be solved for ACi and qr. The result is a quadratic expression of the form
where the variables a, b, and c are defined by
and where a,AC, stands for X(cr,AC,). The single physically possible solution of this equation can be shown to be
With this solution in hand qr can be solved from equation 14.
Since fetal water inflow (&) and electrolyte concentration (p) are known from normal gestational growth data of the sheep fetus and its fluids, there are three equations (no. 12b, 14, and 17) with three unknowns (L,S, ci, and Ap).
RESULTS
Estimation
of Parameters L,S, PiS, and ui for Placenta of Sheep
The PS product for Na+ was found to be 0.20 ml/ (min. kg) and for Cl-it was found to be 0.27 ml/ H479 tose, amino acids, calcium, and inorganic phosphate), or they are produced by the fetus and their diffusional permeability is so high that the second term on the right-hand side of equation 4a is insignificant in comparison to the first, the diffusional term. Urea and bicarbonate (COZ) fall in this latter category. APPENDIX III discusses the evidence for active transport and for predominantly diffusional transfer. Ad. b: Table 2 identifies "inert" solutes (whose transfer is significantly affected by filtration). The quantities transferred to the fetus per unit time near the end of gestation were computed from fetal composition at various gestational ages (17) and fetal growth (4) . Amniotic and allantoic fluid accumulation was also accounted for (37, 51). Total water required for fetal growth and the growth of the extrafetal fluid volumes was found to be 2.1 l 10e2 ml/(min kg), and total inert solute flux was found to be 5.054 pmol/(min l kg). Metabolic water accounted for 3.9. 10d3 ml/(min kg), the ratio p was therefore 0.295 mmol/ml. The relation between qr, ACT (= CACi + XAC,), Ap, and ci as specified by equations 14 and 17 is shown in Fig. 2 . In the sheep, the normal gestational rate of water accumulation is 1.71 l 10e2 ml/(min l kg), and there is a total concentration difference between maternal and fetal plasma of 7.2 mmol/kg water (the average of the osmolalities determined by freezing-point depression osmometry (3, 39) and vapor-pressure osmometry (3) and the total difference in solute concentration (3) -after correction for plasma water content). Figure 2 shows that the reflection coeficient vi = 0.52 and the hydrostatic pressure difference between maternal and fetal plasma in the placental capillaries Ap is about 42 mmHg (not corrected for a difference in colloid osmotic pressures (15, 38) which is included in Ap). We conclude that these values are the normal ones for the placenta of the fetal sheep in the last trimester of gestation (Table  3) The inert solutes exert an osmotic pressure of about -124 mmHg and the active solutes exert an osmotic pressure of about +84 mmHg. The hydrostatic pressure difference is 42 mmHg. Of these 42 mmHg, about 40 mmHg balance the osmotic pressure associated with the difference in inert and active solute concentrations. Thus, a net filtration pressure of only 2 mmHg suffices to supply the growing sheep fetus with water.
The concentration difference in inert solutes (major  electrolytes) is generated by the sieving of these solutes when maternal plasma is filtered through the placental barrier. Fetal (major) electrolyte requirements are met in two ways. Part of it is met by electrolytes that diffuse across the barrier under the influence of the generated solute concentration difference (about 57%) and the remainder is the amount that is carried across the barrier with the filtrate (about 43%); these two contributions correspond to the first and the second terms, respectively, on the right-hand sides of equations 4 and 15.
Sensitivity of Derived Parameters ui and Ap to Experimental
Error in Experimentally Determined Variables
Equations 14 and I7 can be solved for the value of the reflection coefficient ci and the hydrostatic pressure (min. kg) (3). We will assign the average value of 0.233 ml/(min kg) to the salt NaCl. According to equation 12b, the value of(ribSRT is 61 m12*min-1*kg-1*mmol-1 (3) and at 39"C, the value of the product RT is 2.595. lo7 erg/mmol, hence CibS is equal to 2.35 l 10V6 (cm5 l dyne-l l min-l l kg-l). The most direct approach to solv---ing all three variables would be the determination of vi by the application of pore theory (10,44,46) as applied to the sheep placenta by Boyd and co-workers 6), but this is not valid for ions.
The theoretic relation between the ratio of pore diameter and solute diameter and the resulting steric and frictional hindrance to diffusion is visualized by a plot of the ratio of placental permeability and coefficient of free diffusion (PS/D) against molecular radius on logarithmic scales. The details of this application of Renkin's formula can be found elsewhere (16). Figure 1 shows such a plot for permeability data on the sheep placenta from a variety of sources, which are listed in APPENDIX II. Our new results (3) with Na+ and Cl-are divergent to a degree that cannot be explained by errors of measurement. It would be hazardous, therefore, to use pore theory to predict reflection coefficients of electrolytes.
A more reliable method for estimating the reflection coefficient is the use of equation 1 7 8 Fetal oxygen consumption is approximately 6 ml l min+ . kg-l (21). Since water production and carbon dioxide production are comparable for most metabolic fuels, we will assume a ratio of 0.8 mol of water produced for every molecule of oxygen used. This metabolic water production of 3.9 l 10m3 ml/(min l kg) must be subtracted from the total fetal water requirements to obtain net transplacental water flow. Table  5 (+a 0.845 Dimensionless Table  5 P 0.295 mmol/g water Table  2 ilr 1.71. 1o-2 ml/(min . kg) ci> while all other variables were held constant at their best estimate (Table 3) , except for one which was varied from 0.5 to 1.5 times its best estimate. Figure 3 and 4 show how ui and Ap vary when each of the other variables in turn deviates from its best estimate. The derived value for the average inert solute reflection coefficient ai (Fig. 3) is almost comnletelv insensi- 3. Inert solute reflection coefficient, (Ti 7 relative to its nominal value of 0.52, plotted as a function of each of placental permeability parameters as they are varied individually from 50% to 150% of their best estimates ( Table 3) . Slopes of these relations are measures of sensitivity of derived value oi to errors in empirical values of placental permeability parameters. a,AC, stands for C ((T,AC,). 4. Difference in hydrostatic pressure between maternal and fetal placental capillaries, Ap, relative to its nominal value of 42 mmHg, plotted as a function of each of placental permeability variables as they are varied individually from 50% to 150% of their best estimates (Table 3 ).
tive to errors in the estimates of the variable aiL,SRT, which contains the hydraulic conductivity L,S, or to errors in the estimate of the osmotic pressure exerted by the "actively transported" solutes, the sum Z((T,AC~T).
The reflection coefficient would be in error approximately in proportion to errors in the best estimates of normal gestational transplacental water flow, qr, or in the ratio p, or in the normal transplacental difference in the concentrations of inert solutes, ACi, or in the inert solute permeability PiS. One cannot express much confidence in the derived value for the transplacental difference in hydrostatic pressure, Ap. Figure 4 shows In an experiment on the renal clearances of fetal sheep (18), fetal urine was collected externally over long periods of time, causing a significant increase in transplacental water flow. One protocol was published in toto (Table 4 of Ref. 18). Over a period of 18 days, 9,250 ml of fetal urine was drained. It contained 281 mM of inert solutes (Na+, K+, Cl-). Fetal weight at birth was 4.9 kg, a value so high that one must assume that growth was not affected by the experiment.
Water flow, &, therefore, was 7.3 l 10V2 ml/(kg*min) plus the water flow necessary for normal growth, 1.7 l 10e2 ml/(kg l min), a total of 9 l low2 ml/(kg l min). Similarly, solute flow qi was 2.21 l 10m3 + 5.054 l 10m3 = 7.27 l 10m3 mmol/(kg l min).
Although the results could have been presented in the form of a graph like Fig. 2 , it is more instructive to plot the transplacental hydrostatic pressure and the transplacental total concentration difference AC, as a function of the unknown inert solute reflection coefficient ci* This has been done in Fig. 5 . It is seen that the pressure difference Ap is very sensitive to the assumed value of gi and that only values of ui in the range of about 0.76-o. 78 are compatible with physiologically reasonable pressure differences.
The center value of ci of 0.77 agrees only moderately well with the value of 0.52 suggested by the analysis presented in Fig. 2 and presented again in Fig. 5 . The drainage experiment analyzed in Fig. 5 is potentially capable of a much more precise estimation of mi than the analysis of normal gestational values, but with only one experiment available, there is no basis for judging whether the difference in reflection coefficients is individual or systematic. Figure 2 shows that for a reflection coefficient of 0.52, the rate of fetal water acquisition is accelerated by an increase in the hydrostatic pressure difference between maternal and fetal capillaries in the placenta. It is evident, however, that this mechanism is a weak one. A large increase in pressure is required for a modest increase in transplacental water flow. Nevertheless, it is known that fetal growth is continuously accelerating during gestation (4, 17, 51) . Fetal water content being about 75% of fetal body weight (54), an accelerated growth rate directly reflects an acceler-JR., AND J. J. FABER Inert Solute Reflection Coefficient, ci ated water acquisition rate. It is of interest, therefore, to investigate which of the placental permeability variables has most control over the rates at which water and electrolytes can pass from mother to fetus. Figure 6 shows the effects of variations in the parameters of equations 14 -17 on the rates of fetal water and electrolyte acquisition.
Constraints on Fetal Growth
Both qr, the water flow, and zqi, the electrolyte flow are insensitive to changes in the filtration coefficient, L,S, and progressively more sensitive to changes in transplacental pressure difference, Ap, the osmotic pressure exerted by the active solutes represented by the sum C ((T,AC,) the electrolyte permeability P,S, the required electrolyte concentration of the ultrafiltrate p, and the reflection coefficient of the placental barrier for electrolytes, pi.
DISCUSSION
Applicability of Theory to Permeability of Sheep Placenta
This study required some simplifications that are only approximately correct. The sheep placenta is not a homogenous single-layer membrane as required by the theory in the form used here (26-28). Figure 7 shows the ultrastructure of this barrier in which the presence of several histological layers is evident. The ultrastructure of the sheep pl acenta differs signi ficantly from those of the ra bbit (49) or gui .nea pig ' (11) placentas. The dense extracellular material between maternal and fetal canillaries (arrows in Fig. 7 ) of the sheep placenta is absent in these other species. One may speculate, therefore, that the presence of this dense extracellular material in the sheep placenta is related to the very high diffusion resistance compared to the diffusion resistance found for the placentas of the rabbit and the guinea pig (13). It is known that, in the rabbit placenta, the diffusional resistance for small molecules is lower across the endothe- 
Mechanism of Fetal Water and ElectroJyte Acquisition
The presence of a hydrostatic pressure difference across the placental barrier helps to explain that the maternal plasma osmolality exceeds the fetal plasma osmolality, in spite of a net inflow of water into the fetus during the entire gestational period. Although the quantitative value of this pressure difference is not yet known with acceptable accuracy, the values suggested by the present calculations are well within the range of physiologically reasonable pressure differences. Moll and Kunzel (42) measured maternal arterial pressures in the smallest placental arteries that were accessible to direct puncture. In cotyledonary arteries of the sheep which were from 0.5 to 1 mm in outside diameter, they the rat (14 mmHg), and the rabbit (8 mmHg) (42). Fetal arterial blood pressure in the sheep is about 39 mmHg, umbilical vein pressure is about 7 mmHg, and uterine vein pressure is about 3 mmHg (48). The available evidence is compatible with hydrostatic pressure differences of 20 to 60 mmHg between the maternal and fetal capillaries in the placenta of the sheep. The existence of such a large pressure difference is also compatible with the finding that large increases in maternal placental vein pressure do not affect the pressures or the flow in the fetal placental circulation (48). The mechanism of fetal water and electrolyte acquisition in the sheep appears to be a combination of hydrostatic pressure and the active transfer of some metabolically important substrates. The present best estimate of the hydrostatic pressure difference is of the order of 40 mmHg and the osmotic pressure exerted by the actively Top : rate of transplacental water flow, &, when each v .ariabl e that controls it is varied in turn from 50% to 150% of its normal values in Table 3 . Slopes of these lines are measures of degree of control exercised by each of these variables.
Bottom: rate of fetal inert solute acquisition, 4, when each variable that controls it is varied in turn as above (rr,A C, = C (G~AC,); PS = PiS). 
Regulation of Fetal Water and Electrolyte Acquisition
Placental parameters. Figure 6 shows that the magnitude of the hydraulic conductivity of the sheep placenta, L,S, is almost without influence on the rate of fetal water uptake. Placental hydraulic conductivity would be a significant factor in transplacental water flow only if the conductivity was less than l/lOth of the observed value. This is because of the total hydrostatic pressure difference across the placenta of 42 mmHg, 40 mmHg are required to balance the osmotic disequilibrium due to the concentration differences across the barrier of inert and actively transported solutes. This finding means that the prime constraint on fetal growth is not water acquisition but electrolyte acquisition. It follows that the magnitude of the diffusional permeability of the placenta for inert electrolytes (PiS) must have a major effect on the rate of water transfer. For the same reason, the magnitude of the inert solute reflection coefficient oi must affect the rate of water transfer. Figure 6 shows that this reflection coefficient is indeed one of the most powerful controllers of the rate of fetal water acquisition.
A decrease in the reflection coefficient decreases the counter osmotic pressure of the inert solute concentration difference generated by sieving. A greater fraction of the driving pressure difference remains available for pressure filtration. The osmotic pressure difference exerted by the actively transported solutes is represented by the product cr,AC!, in Fig. 6 . Its control over fetal water acquisition is a relatively weak one. Nonplacental parameters. The parameter /3, the ratio of inert solute and water flows, has a significant influence on fetal water acquisition.
This emphasizes again that the main constraint is on electrolyte uptake. This influence of p explains why, in the experiments in which fetal urine was drained over a period of several weeks (18), transplacental water flow could be more than 5 times greater than the normal rate of fetal water acquisition.
The value of /3 in these experiments was only 87 mosmol/kg as opposed to 295 mosmol/kg during normal gestation. Under conditions of normal fetal growth, the value of /3 is fixed by the compositions of the fetal body and the extrafetal fluids; therefore, @ cannot be considered a controlling variable. The effect of the hydrostatic pressure difference, Ap, is much too small to explain the continuous increase in fetal water demands during the progression of gestation. It is too small even to account for the day to day regulation of fetal water content and cardiac output (14), in the sheep. Moreover, fetal arterial blood pressure rises with gestational age, which is hard to reconcile with an increase in Ap.
In conclusion, this analysis shows that the combination of a transplacental difference in hydrostatic pressure and the active transport of some metabolites accounts quantitatively for fetal water and electrolyte acquisition where neither one can do so alone. The analysis, however, does not shed light on the question: does the fetus control placental transfer or does the placenta control fetal growth?
If fetal control exists in the form of feedback steering, what is the most powerful possibility? Control of the placental electrolyte permeability (PiS) would be adequate to explain the ever increasing fetal water and electrolyte acquisition rates during the course of gestation. The experimental results (3) fully agree with the theoretic prediction that the permeability of inert solutes (Na+, Cl-, K+, Mg2+) must increase during the course of gestation. Urea permeability is known to increase also (29,41), but fetal control over these increases has not been demonstrated.
Fetal control of the reflection coefficient (+i, for instance by endocrine mechanisms, would powerfully control fetal water and electrolyte uptakes. Although such a mechanism need not account for the gestational increase in the acquisition rates, its existence would make available to the fetus an hour to hour control of extracellular water volume. We plan to investigate the possible role of antidiuretic hormone at a later time. There is no evidence of fetal control of the concentration difference of actively transported solutes (AC,) and H485 there is no evidence of an increase of this difference during the course of gestation. The effect of AC, on fetal water acquisition, moreover, is not a large one. The calculations do not give evidence for a major contribution of bicarbonate ion, which is only a fraction of the total concentration difference AC,, in the long term regulation of fetal water and electrolyte acquisition (32). Similarly, the hydrostatic pressure difference Ap across the placental barrier has too little effect on the regulation of fetal water and electrolyte acquisition rates to be considered a regulator (14), at least in the sheep. These conclusions must be drawn notwithstanding the fact that the hydrostatic pressure difference and the difference in concentrations of actively transported solutes together constitute the driving force for water and electrolyte transfer.
Somewhat contrary to our expectations, variation of the driving forces does not appear to be used for the regulation of water and solute flows. It seems, rather, that another variable, namely, the electrolyte permeability
PiS (3), is responsible for the long term regulation of these flows, in the face of comparatively constant driving forces.
Fetal oxygen consumption is of the order of 6 ml/(minkg) Durbin (10) . We used a water radius of 1.65 l lop8 cm (5) . Permeability-surface area products for the nearterm sheep placenta were taken from the literature and, where necessary, corrected for fetal weight (Table 4) . If the placental pathways are only slightly larger than the diffusing molecules, the ratios of the permeability-surface area products to the coefficients of free diffusion (PS/D,) will decline with increasing molecular diameter. Such appears to be the case for inert nonelectrolytes in the placenta of the sheep (Fig. 1 ).
An equation derived by Renkin (44) describes the diminution in the ratio PS/D, that is to be expected if the passages are cylindrical. The best fit between experimentally determined perrneabilities of
It should be noted that these conclusions apply only to the placenta of the sheep, and perhaps to the very similar placenta of the goat. In the placenta of, for instance, the rabbit and the guinea pig, the diffusional permeabilities do not decline as rapidly with increasing molecular weight (13, 16). Theories of fetal water acquisition that are falacious when applied to the placenta of the sheep (14) may well be valid in these species. The human placenta, judged histologically, is much more closely related to those of the rabbit and the guinea pig than to those of the sheep and goat. It is likely that the regulation of transplacental water and electrolyte fluxes is fundamentally different in these species. Placental exchange can be shown to be essentially isothermal by comparing the diffusivities of oxygen and heat. The carbon monoxide diffusion capacity of the sheep placenta has been shown to be 0.54 ml/ (min. mmHg. kg body wt), and the oxygen diffusion capacity has been estimated to be 1.2-2 times higher, ca. 0.86 ml/ (min. mmHg. kg) (33). With an oxygen solubility of about 0.021 ml/ (ml. 760 mmHg) (2) the permeability-surface area product for oxygen is PO,. S = 3.1. lo4 ml/(min . kg). Since oxygen may be assumed to have the entire placental area available for its diffusion, the permeability surface area product is given by 
where w is the average thickness of the placental barrier and Do, the coefficient of diffusion of oxygen in placental tissue. The value of DO, is not exactly known, but estimates in plasma (55) and in other tissues (36) suggest a value about 1.2 l 10m3 cm2/min. Thus, equation 18 yields a value for S/w of about 2.6.10' cm/kg fetus. The thermal conductivity of tissue is not much different from the thermal conductivity of water (53) at 4O"C, for which 0.001499 cal . s-l. crnm2 * "C + cm is given. If we approximate 1°C by 1 Cal/ml, and convert seconds to minutes, the thermal conductivity is (Dlh) about 9. 10h2 cm2/min. The "thermal permeability" of the placenta is therefore given by Pth . S = Dth . S/w, ml/(min. kg) (1% E. E. CONRAD, JR., AND J. J. FABER inert nonelectrolytes in the sheep placenta and the Renkin equation was obtained by assuming a pore radius of 4.55 * lo-* cm (Fig. 1) ; also see Boyd et al. (6) . The value of n-glucose (but not L-glucose) was anomalous, plausibly because of active transport of this sugar into the fetal circulation.
The electrolytes Na+ and Cl-also showed anomalous permeabilities; polarity of charge was not discriminated but the presence of charge was, suggesting a difference in dielectric constants in the membrane and in free solution (5) . Renkin (10, 44, 46) also derived an expression for the reflection coefficient as a function of the ratio of molecular and pore radii. The reflection coefficients calculated from this expression and an assumed pore diameter of 4.55 lop8 cm are listed in Table 4 . Since diffusional permeabilities for electrolytes do not fit a model based only on geometric and frictional considerations (Fig. l) , it is not likely that their reflection coefficients can be accurately predicted from a similar model. Solutes whose net transfer is from mother to fetus and which are present in fetal plasma in a higher concentration than in maternal plasma are presumably transferred by an energy-dependent molecular mechanism. Table 5 shows that the fetal plasma concentration exceeds the maternal plasma concentration for fructose, amino acids (ZO), calcium (17), and phosphate (17); the references given for each of these substances in the above line give evidence that net transfer is nevertheless in a direction from mother to fetus. Glucose is a special case since the maternal concentration of glucose in the sheep is greater than the fetal concentration.
However, the permeability of n-glucose is more than 50 times greater than the permeability of Lglucose (Table 4 in APPENDIX II), a difference that is presumably due to the presence of a carrier mechanism or an active mechanism. In any case, n-glucose is so permeable that its rate of transfer is independent of water filtration.
Lactate also is present in the maternal plasma in higher concentration than in fetal plasma. Recent evidence (7), however, shows that the lactate used by the fetus is produced in the placenta from glucose. 
